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(54) METHOD FOR FORMING GalnN LAYER 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for forming a 
GalnN layer that has high In composition and superior optical 
characteristics. 

SOLUTION: A cleaned c-surface sapphire substrate 22 is 
introduced into an MBE device, and thermal cleaning is 
performed for ten minutes at 800° C in vacuum. Then the 
temperature of the substrate is lowered to 550° C, and the 
surface of the sapphire substrate is nitrided by a nitrogen 
plasma. Then the temperature of the substrate is lowered to 
300° C f and the sapphire substrate is kept for ten minutes 
under a condition where the amount of In beam is 8 x 10-8 Torr, 
the flow rate of nitrogen gas is 2 seem, and RF power is 330 W. 
By using the nitrogen plasma in an MBE method, a low 
temperature InN buffer layer 24 having a thickness of 30nm is 
grown on the sapphire substrate at an average growing speed 
70nm/hour. A surface of the low temperature InN buffer layer 
has a nitrogen polarity. Then the temperature of the substrate 
is raised to 550° C, and an annealing treatment is performed 
while keeping the temperature for three minutes, to flatten the 
surface. Continuously, Ga, In and the nitrogen plasma are supplied to grow a Ga1-xInxN mixed crystal 
semiconductor layer 26, in which In composition X is 0.73, on the low temperature InN buffer layer, in a 
MBE method. 
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im^m 1 ] _ 
2 0 0ttt±4 5 Ot^T©tS»MBEft (Molecular Beam Ep 
itaxial Growth , Ci iJil^X^^ 

*mk.&Z- k*mffi.t-f& G a I nNflOJfcJtfc&fe. 
t ^*^~ ^j^. 2 ^ 

ttfil nNA7 7 7S«MlMt, i«±T'g|77X?$r4)g$^Tl«(7)I« 

So 

^StLT. t77-f7i«, GaNiS, S i C£#u S i £4K. GaA sl«> Ga 
ZrB, If, WgAh 0 4 afe«©^i*^*«ffli-*ii*W« 
fci-*»3jtffl 1 Xl± 2 HieiwG a I nNJi?»£Bll7Jfc> 
[If 4 1 

te^c^G a I nNI(^»fto 

tSlnNA5'77l±M$^:InMX(7)Ga 1 - , In, Nfi BH =M*ff«> 

K^T-V V 7E G a I n N ** 

Eg a i n m =(l-X)Ec.» +XE InM -bX (1-X) 

TfJies tL4 1 1 ttlli t*»*fl 1 j^fe 4 O H©v»f il* 1 G a I nN 

eo^m^o ^ _ _ _ 

{St. Ei N lil nN^K^^^^-TioT, 0. 78eV, E G a 
M liGaN^/m^x^K-^oT, 3. 4eV, »0 f bli**-4 , V^ 

[0 0 0 1 ] 

#&gHtiU Ga,-, In, NM^^Wf ^M^&KMU EKtflBfcttfcftfc 
3£^iftij#t££'Dit;l. K^-v ? ^^.;v^-^ s IE«t^#S-C^S G a i - , In 

[0 0 0 2] 

IWfWSGa, In, NSfi^#fl=*5l*«fcb^^*-tHJ:»J 

, 3 6 0 nmi^6 6 0 n m€£<&»^:ft*#«*#?W * £ £ t*K 

x^M-CloVTflli^JlfcGa, - , In, Nl B B H W^> ~;7x 

oil), Ga,-, In, Nfif H ^<OA'y K^t 7 ;v^- E G , , oM 

fi jK->T >^7^-^^2. 6eV (C. Wetzel et a 1. , Appl 
Phy s.Lett. 7 3 ( 1 9 9 8 ) 1 9 9 4. ) fclT, GaN^VK 

^itCloVtv^o iit, GaN^^m^x^K-Eo , « Ji^ 
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?&-e 3 39eV(H. P.Maruska et a 1. , Appl.Phys. L 
ett. 15 (1969) 327.) I nN?V*> y E 

, . H f*mia-C 1. 95eV(K. Osamura et a 1 . (Solid St 
ate Co mm u n. 11 (1972) 617.) t**, 
[0 0 0 3] 

L*U In«J*X*«0. 2*l(?)Ga 1 - , In, W&&*mfc<DX- t * * )l> 
$L&lii£m&i&%>'?'$>2> i><?><0, X>0. 2 <DM^ I nSa^^^t L&# s £>. ^ B B H 't4S.t>3t 
^H>#1£K&*LfcG a, - . In, N« B B ^i#tftit5 i fc fi> ffi&THL^o 

Inl^Ga, - , In, Nl^^VF^t^x^^^Ec a t fl N 

tiGa,., In, NSS***»**IR-r*^^mA, X^Ga! - , In 
, N K3r* ^x^f-E, a i o w ^)»Se^<^ffllSt* s * 

*ifc3fc^to#1ft*#i-&G ai - « In, N L> 
Mfc*<*>:frffi-C)ftR3*t*:Ga, - « In- N ? 7*.**>* 

[0 0 0 5] 

-9-7 r-f r3£*±KJftKSJK2 0 0*C*^ 4 5 0 "COSEH-e^ f^^'&Xf I n£Sco 
fl^jfce-AfcJIMf*-*^ fcfc* V). *b7 0 nm/^ra^^lM-el?? 3 0 nmgt?) 

s-rt-r&o 

^U, Ti-A'ttilfcftfil nN^f 7rlJ:K 5 5 0 i:tGa, - , In, N 
&j&3Mg#fl£MB BSsfc «t tKX *K *3&9§-e&5£ L I n. 

ffi&WfcmtttWSGa, - , In, N*g B B B ¥##^£MT-§&££ 
[0 0 0 6] 

fil nNIXIiGa I nNI^I^MAf ^ - Mi3 (a) (d) it 

1 nN^XfiG a I n IKOlEH^&KWfli i^S, 

2 Kyjk-r* 0 fc% ^4^8 0 0 rofiJK-Ci— v/P* 'J --V^* 1 O^HJfiL^o 
#CV>-C\ El 2 H^i-«t a ^ &*fiJ£* 5 5 Or i-cnf, RFA-VCtflsccmO 
SHg*f;*fcffi;&3 0 OWOSJSift (JS?fc£fcl 3. 5 6 MH z ) Sr#Ai"S i t K <fc »? ftX 

7 , 7X-7*4)^$W7 74' TS«^ 1 ^WfiRltL-C> 13 (a) t^J:?^, ^7 
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[0 0 0 7] 

f774'rS«l 2®St9^)iMIt, ^&l&J^£3 0 OtJT^fitt, I ntf- 
Ai^8XlO"' Torr , iif7lti!) 5 2 s c cm^ RF^7-^3 3 OWO 
3kftX-1&MM?lK*ry T&$L1 2* 1 OfrMiff&U HI 3 (b) K^rTJ:^^ flgJit 
3 0 nmC«I nN^;7 7l 1 4 £^7r-f 7S«1 2 ±&cj&:£$ ft, «I 
nNAy7 7S©SM«Mli2 0 0t^f5 4 5 0 t-e^^ J&^J^^iSHK^ fci 
7 0 nm/nm-elbitco fit, fi£:RP{§&i^#J<7>J&ftjtJgte 7 0 nra/^«J: *)J^%^<> 
Cl<7> <fc d £j£gf£#£fflv>££ £ Hi V) , nN^7 77114 ^® £ &c 

MtPi-«.ii:^-e§^o MM'14K&^"Cv>&£i:te> CAICISS (Coaxial 
Impact Ion Scattering Spectroscopy) "Clfi^fP 

R H E ED^3 X 3 <r>**9 - > »c CI t i "CStlS L T V> & <, 
[0 0 0 8] 

2 0 5 0 tJt±»f, -e^SJK-C3^ra^#LTT--JV^ka^ifi 

U 4£z§.I n N'<* 7 rl 1 4 ^ffl*®^** -^fc^Fffl-ffcLfc© 
4ft® I n-N^y 77114 OiSA J Wk$tiTV^Cit (i, ffifi I nNiH j&*£><7> 1 
X l<DRHEED^<t 1>)MW%:X h U -^Jftfcfc* £ fc-?IIBLTV»4, 
T^~JV«kSm. I ntii7'7Xvt^iIIi:MLT, BEftV- 5 0 nm/ 

J&S*SJg# s 5 5 0t, I ntT-A***3. 2X10~ 7 Torr 
*^2 s c c m> R 2 0 0W^f> 4 0 0 WO^feffr-Cx ^J? 2 5 0 nmO I n N 

JB 1 6tfifil nNA7 7rl 1 4±i:it^^->f;«$tfc 0 J5fcfiB*Mli m*W"C 

O 7to 

[0 0 0 9] 

I nN^7ril 4±fcjftK3*rt: I nNf 1 6$:7t y-fc -efffifi 

Lfc££fc, B4i:^tJ:oiS:^^^>^Wi^ J tiJ*fc 0 H 4 fc*$tmiK^* JV^- 
(eV) ttJMKftSfeft ^oT7^^U7^r>7^^ H^/tL 

^* [§3 "C 5 " o 

£4 i:/7t^7 7 (1) li, 7 K-C<*>3fe3&J£-C&»K ^77 (2) {AM-T^Tfc&ll 

tT?*io H4K^tJ:^, InNOAVh^nyx^K-E, ,» te, T=7 
7 K "CE 1 „ n =0. 7 7 5 e V> T = g®-CEi „ N = 0 . 78eVCiofc, 

E 1 n m = 1 . 9 5 e V (K. Osamura et a 1 . (Solid Stat 
e C ommu n. 1 1 ( 1 9 7 2) 617.) biijz% (I4ctv^:J:Wo 

[0 0 10] 

fiSl nN^7 7 7JS 1 4 <7)T--;Vi&a?£u I nN^f7rl 1 4±CG a 
, _ , In, NiBS^«#J»*J-tr^^->^^Jfifi?-&4aiO^*ffofco 
Ga> I nXy f ll7 , 7X7^ML> I n N@<^^e * * IWC^fK 
oi 19. J&ftV- h>6 s 2 5 0 nm/W, Jft*fiJ&&*5 5 0t, 1 nf-Ai^G a tf 
-A*<^i|gjBl* ? 3. 0X10" 7 Torr , i|^W2 s c cm, RF^7- 
i s 2 0 OWfrh 4 0 0W©*#t, @3 (d) <£ 0 fc, RJ? 2 5 0 n m"C I nM 

(X)^O^l^^oi. O^i^lT^Sl^^Ga! - , In, NZ& B a a ^ 
«C#JB 1 8 ^ffii&I n N'ly 7711 4 ±fc ibf JVJ&ft 3*fc 0 #G a , _ , 

In, Nl H B H f«#i<7)«llMli 1 Wt*ot, 

[0 0 1 1 ] 

I n£&fi£fi> H6»:ftJ: 7 MBESt^Ga tf-AMft-TS I ntr-A<otT-A 

7 9 7^xit^^x.siH:j: *k jR»mw»i-4 1 1 &<> B6 I ntr- 

ARVG a tf- A<7M b<7)Jt^I nN/ (InN+Ga) £JRi3> M#K I nii 

^o/t^77t*S, 
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> I nm^itmmtmv^ (T. Matsuoka et a 1 . ; J. E 1 e c t r 

21 a 992 / 157. ) tnmmx'$> »? > i«^«^-e^s 0 

•y-fe>7; (PL. Photo 1 umi nescence ) ifc&tf # V - KJV 5 * ? «fc ✓ 
* (CD ^^^1=7 7 KTiMSefcLfcfc £4, B 5 fc^l" * d fc. Ga,-, I 
n, NIS#S#©^'> K^f^x^jV^-Ec 8 i n k t I nM (X) OfW# 

H5tt*W'KI n«J**, »«^Ga, - , In, N&h b b#S#<7V^ K* * ? ? f 
*;v^-£I|XoT, T=7 7 KTmfcl>fcy* b * ? -t h;W$.tf#v- K 

ft. i«5k|, P Lis JitfC LftT»e>*tfc^^^ h^tr-^i^^^-*G a , _ , 
I n, N K^r* y'?x.*A'*?-b L-fco 

&± *K tfil nN^?7rIJ:i:ftftHfcGa 1 - , In, N^b b b# 

ift^r/K^t'^Ec a i „ n *> 5 

Ec.'i.m =(1-X)E G . M +XE In „ -bX(l-X) 

mufC, b = 2. 3 e V fc#2>tfc*«-C£fco lit, E, „ H lilnN^VK 
^7 7"x*A'?-T?*oT-, 0. 78eV.E c . „ UGaN^m^x^ 
;V^-"C2bcT, 3. 4'eVC*4o 
[00 14] 

-<^M#^t. Ga,-, In, Ni B Wi#?)^'> k^< ? 7x^;^-E 0 , , 

nN A (nm) <7>H€#> ^> 2 «9 

A (nm) = 1 2 3 9. 8/E c , i . h (e V) 

I ntttt (X) G a, - , In, N«*y##**** * 

ttjctiK ®ai n n^*7 7 7ioi®»^if ittf : w *s<T~-*'*yffifc 

J: ^^Ho^Fffl-fkSrff 7 ifcKJ: *k InMX^K, *§H B Bt£<75£L0 £ G a , - , 
I n Ni B B B *i^ BfcWil nNI$:xe^-7^«?«c:H s "ei^ 
t7W7S«±CliI nNJIXJiGa I nNi*M?^t l^^lttl^ »* 
, 3Ue7C«, WittfG a, I n^Offiia-fcfcUS^o £lfi®4** 3 Bbe* LT 
v***fr, »v»I n&AOGa* - , In, N«MMMM*»X»i I nNJf*^*?* 

In nm,M i ¥mi&mX& I n NI*jafiH4iiWSt44« 
Ga, - , In, NiIJI*N*#Xli I nN^fifittWti. 

it I nN/^7rllKGa, - , In, Nfi**«#Xfi I nNi^IH, f 

Jft**!*<, *o»fite<&A»fc G a , - , In, NEH.¥##Xtf: I nNM?^: 
iii^tiio , 
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i^t&fefe^&o MOC VD&T'&fc>tl£0f|i£-C&&T^-T (NH 3 ) fc^ 5 
[0017] 

_L|EBfl<) ±5SO*lMK*^T, 2 0 0 V&±4 5 OrJ^T^J&gS. 

JlfMB E}£ (Molecular Beam Epitaxial Growth , 

MB EffiK J: 19 JV#ygc7>SJgt rac^XttSv>?ajK"C'ffitia I nN^? 7 7i±tG 

a,., In, Ni B B B ¥i#Itxt^^y^vi*?«Iii: 

Ltv^o 

[0 0 18] 

itLf"C>K. Osamura et a 1 . (Solid State C ommu n 
. 1 1 (1 9 7 2) 6 1 7) ftiTKiot, I nN<0M», 09*. tf *«Ji£» s E = 
1. 8-1. 9 e Vtw#^-r&ifc36«^$*lTV>J5>^ Sft?)J: ^iMBE^MOC 

tzm it 5llTV^V>, 
[0 0 19] 

-75\ ^JMULfcGaa - x In, Nilli^SftiS^ I n NEWISH 
-C^o-C> ^<^)'b<7)^ifc'<T^ H 3 Et XPiSW'5r< , ft a ft 

^B£fc. ±&<£>|^-C#fc I nNJBTN±, StllX*^ Wat C> PL 

Ztit, ±3&<D2&fc-C&*i I nNaic^^ H B H ^Rg^feHL^^^'t'^^^^i < t^^ 
Sfc, E = 0. 8 e Vfi#t:tMtM^a*«'C*l^ tv>U t tt, I n 
. J&ML-fc I nNJl<^^-CO^JR^^^ Mw£iffl5eU f ©fi**0 7i:^ltv>s o 
0 nm/«fPlliaT^Jlll^*6o 

^tMt^Ga, - . In, Nl^^I^Mti. d t **T?% So 
[0 0 2 0] 

*ft^SPft^fttai nN^*;7 7i±M?^:I n &Efi£ X <0 G a 1 - , In 

x NiSi£¥il*fcl^ /r/m^E, a I n h * s 

E g a 1 n n = (1-X)E 0 .» +XE InN -bX(l-X) 

tig? ft&o 

{it, E, n „ it I nN^*> ^?^W-f*oT, 0. 7 8eV,E Gl 
M liGaNO^>^ry7'x^K-^ot, 3. 4eV, S^bli**-^'/^ 
9p<-?-C&o-C, 2. 3eVt^, ilE^li> T = 7 7 K KtS\t*xm&Z *L 

[0 0 2 1 ] 
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aAsS*, GaPS«, ZrB 2 S«> OTgAl 2 0, ^m>-f*L^£tt 
[0 0 2 2] 

a) Tibial (c) fi, Zti^rti, *^»£l?!)<^ftKt£^ G a > - , In, N 

*i n ***** * j£B£-r i*i mm mm m t& & 0 

^-C. g«j££5 5 O^^Ttf, RF**>tIf 1 s c cmWSf ^t{U*3 0 
OWO^M (JKft: l 3. 5 6MHz) *»*i-*£fcfcJ:9g**?Xj*£*3 
€^77^7^2 2K l^fflra|tU-C> t77^f7i«i2 2<7)M^lftri> ( , 
[0 0 2 3 ] 

t 7 7 71* 2 2 ©StffiOi^M> 2 0 0t:^±4 5'0t^T<?)fi^ £!lx.tf3 

0 otifc**aJ?*i*fiu S«iajg^3 o or, I ne-A1^8Xir« To r 

r , mmJ?XMm&2 seem. RF^7-A S 3 3 0 WcO^#-CMB EgS<7>fi£S^K 

1 0&lt77^7S««tv HI i (b) ic^i-J: 9 fc. MB E&K* ^H^* 
-?Z&^X 7 0 nm/fflt, J&J¥ 3 0 nm^« I nN^7rf2 4£ 
t774-7St2 2±K)£fiS-£&o ^tUU 19, tea I nN^?77l2 4 0|EiB-Sr£ 

[0 0 2 4] 

2cv>-e. 3£*fiJ£* 2 or/fr<7)#av- 0 0tJil±7 0 0 WFOiBJK* tfflx-tf 
5 5 0ti:±lf, K^T? 1 #NU2JLh 1 0 55-W^T, 3#WU*#U T--;M&« 

£*feLT, MI nN^?77l2 4©|S*g^I*-^Mftt^o 
T--/W6aifc, G a. I nX^ilT-yX-T^^lCMLT, Bfcgl'- b#2 5 0 
nm/^M, MMT* s 5 5 0 t> G a fcf-A* t I n tT- AS t 3 . 0X1 

0" 7 Torr , ||f7,W2 seem, RFA7"i 5 2 0 OW^M 0 0W(D 
0 1 (c) Kvti^^ MBEtttJ:!)llII2 5 0 nmTIna*X* , 0. 7 
3<*>Ga,-. In, N& B H f i^i 26^1 n N^y 7712 4 ±i:xf?^ 

j&SslrfcGa, - , In, NfiJMMM**©'^ m^x^^-E 0 . , . 
M 14, E GalnN =(1-X)E G ,H +XE IoH "bX(l-X)« 

stu x = 0. 73 -e$>&7^£>. 

E g a 1 n h (eV) = ( 1 - 0. 7 3 ) X 3 . 4 + 0. 73X0. 78-2. 3X0 
. 73X (1-0. 73) 
= 1 . 0 3 

t£oT> A (nm) = 1 2 3 9. 8/E G . , „ „ T&Zfrh, A*il200nmfc4 
[0 0 2 6] 
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tTOfcUfc*. Ga I nNi«SHKH:i^ *3W*tt1?«eifc^>^ 
M^ia^l^Ga I nN«*i»S^i:J:^ 3 6 0 nmHl 
4 , ^iirtei: <fc o TjfcR UGaln Ni^if^I* h5>^^^^*JH^ 

[SI] HIl (a) ^G>01 (c) 14, -eft-T^U ^ISiSW^ftl^^fGa! - 

"[132] I n NIXli G a I n ?-fAf^-bt$,S 0 
[03] E3 (a) frh (d) ttl nNJIXttG a I nN»*fcR«ROlW&3^ 

[04] «#^^^^f- (eV) Sr. «^^HVU 
y -tr > ^ ^ ^ >• 2r7f?i~ 0"C& & o 

[05] «#fclnfcjft*. IttCGa, - , In, NfcM^n^r^ 
j.*;V^-£JRo-t, T= 7 7 K-e«gU7* 1»A<3** Y)V%.XfHV- 

[0 6] I ntf-AjJ^Ga^-A^vy? ><7>Jfc^I n N/ (InN+Ga) tin 
[07] I nH<o$LM.T<o , RUX' < * bJV£^1-<> 

[^-^-(T^f^t^] 

12 t7r^7i«, 14 ftIInN^y7Ti, 16 InNI, 18 

Ga, In, N^b b h ^#^. 2 2 ^7^7^ 2 4 «InNA 

?7ri, 26 G ai _, In, N«ifl¥a*fc*o 
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